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APPARATUS AND METHOD FOR COLLECTING LIGHT 

FIELD OF THE INVENTION 

The present invention relates to a light collection apparatus and method that 
utilizes a number of light collectors each having a spherical surface, optical fibers for 
directing the collected light to an energy transfer or a number of lighting fixtures, and 
retractable pivoting connectors for connecting the light collectors to the optical fibers. 
The energy transfer may transfer the collected energy to power a steam turbine of an 
electrical power generator. 

Each of the applications and patents cited in this text, as well as each document or 
reference cited in each of the applications and patents (including during the prosecution 
of each issued patent; "application cited documents"), and each of the PCT and foreign 
applications or patents corresponding to and/or claiming priority from any of these 
applications and patents, and each of the documents cited or referenced in each of the 
application cited documents, are hereby expressly incorporated herein by reference. 
More generally, documents or references are cited in this text, either in a Reference List 
before the claims, or in the text itself; and, each of these documents or references 
("herein-cited references"), as well as each document or reference cited in each of the 
herein-cited references (including any manufacturer's specifications, instructions, etc.), is 
hereby expressly incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Energy consumption continues to increase with technological advancements. 
"Traditional" energy sources, such as oil and natural gas, continue to be depleted, and the 
use of such energy sources has caused a significant amount of pollution to the 
environment. Consequently, alternative energy sources have been in development. 
Although many of these alternatives address some of the problems with "traditional" 
energy sources, most do not provide a complete solution. 

For example, nuclear energy is a relatively efficient and long-lasting energy 
source. But it presents immense environment concerns. Hydro power plants provide 
energy with essentially no air pollution, but otherwise alter entire local ecosystems. 
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As such, there is an increasing need for an inexpensive, efficient, clean, and non- 
depleting energy source. 

Technology for harnessing solar energy have been in development in hopes of 
establishing a clean, safe, and non-depleting power source. However, there has not been 
an adequately efficiency method of collecting and utilizing this energy source. 
Parameters for harnessing solar energy change constantly with the time of day, weather, 
etc. As a result, a flexible system that can efficiently convert solar energy to usable form 
and that can quickly and efficiently adjust to parameter changes is needed in order to be a 
viable energy source. 

A number of apparatuses for providing a viable solar powered energy source have 
been in development. With respect to such apparatuses, reference is made to the 
following: 

Daniel, U.S. Patent No. 4,529,830, describes an apparatus for collecting, 
distributing and utilizing solar radiation including a solar collection panel having an array 
of solar gathering cells which provide radiation to a light collecting unit, which provides 
radiation as a single beam to a lens system for providing a coherent beam to a lightpipe. 
This beam is then directed to use units such as a light to electricity converter, heat 
distributing elements and light distributing elements. 

Laundre' et al., U.S. Patent No. 4,943,125, relates to a solar collector for the 
collection and distribution of incident electromagnetic radiation, having optic fibers as 
direct means for solar energy concentration and collection, and a hemispherical collector 
allowing for the even collection of sunlight regardless of the sun's position relative to the 
horizon. 

Fertig, U.S. Patent No. 5,716,442, is directed to a light pipe energy conservation 
system that includes: a plurality of photovoltaic cell arrays mounted on substances, and 
exterior transparent protective dome and reflector; a light concentrator means; a battery 
charge controller; and a rechargeable battery or plurality of batteries. 

Kapany, U.S. Patent No. 4,078,548 describes a solar panel that includes a window 
portion interposed between incident light and a heat absorbing portion, at least one of the 
heat absorbing and window portions having a plurality of spaced apart reflecting 
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surfaces, separate ones of which face each other and transmit the incident light by 
multiple reflections to the heat absorbing portion. 

Bauer, U.S. Patent No. 4,237,867 is directed to solar energy absorbing means in 
solar collectors provided by matts of a fibrous material, which by its chemical 
composition absorbs solar radiation, for converting the solar energy to thermal energy 
within the fiber itself. 

McLean, U.S. Patent No. 4,798,444 relates to a solar collection device used to 
maximize solar collection by a plurality of fixed collectors that concentrate all available 
sunlight on its surface into a single transfer conduit. The device uses fiber optics in pre- 
arranged and fixed arrays that will track the inclination of the sun's rays without moving 
by using a single directional convergent lens. 

Criswell et al., U.S. Patent Nos. 5,019,768 and 5,223,781 describe a system for 
transmitting microwaves to one or more receiver assemblies comprises an array of 
separate microwave transmitting assemblies for emitting a plurality of microwave beams, 
the array being arranged to apparently fill a radiating aperture of predetermined shape 
and size when viewed from the direction of a receiver assembly, and a phase controlling 
assembly associated with the microwave transmitting assemblies for controlling the 
relative phase of the emitted beams to form at least one composite shaped microwave 
beam directed to at least one receiver assembly. 

Goldstein, U.S. Patent No. 5,500,054 is directed to a superemissive light pipe 
includes a photon transmitting optically transparent host having a body and oppositely 
arranged end portions. 

Each of these references provides an apparatus for collecting solar energy. None 
of these patents, however, discloses or suggests a light collection method and apparatus 
that is a sufficiently consistent and reliable source for providing electrical power to be 
adaptable to a traditional power system for electrical power. 

It has therefore been found desirable to design a light energy collection apparatus 
and method with the advantages as noted below. 
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SUMMARY OF THE INVENTION 

The present invention was made in consideration of the above problems for 
providing a clean, efficient and reliable energy source. 

To solve the above-described problems and to achieve other advantages, a light 
collection method and apparatus that includes direct energy conversion of collected light 
to usable power is provided. In accordance with an embodiment of the invention, arrays 
of light converging lenses concentrate solar light, which is transmitted via optical fibers 
to power a steam turbine generator. 

In accordance with another embodiment of the invention, arrays of light 
converging lenses concentrate solar light, which is transmitted via optical fibers to 
provide internal lighting and/or heating. Alternative power sources, such as utility 
powered lighting may be used as a backup system for such internal lighting. 

In accordance with an embodiments of the invention, a central lighting system is 
provided where collected light is distributed to a number of light fixtures. 

The invention accordingly comprises the several steps and the relation of one or 
more of such steps with respect to each of the others, and the apparatus embodying 
features of construction, combination(s) of elements and arrangement of parts that are 
adapted to effect such steps, all as exemplified in the following detailed disclosure, and 
the scope of the invention may be indicated in the claims. 

These and other embodiments of the invention are provided in, or are obvious 
from, the following detailed description. 

In this disclosure, "comprises," "comprising," and the like can have the meaning 
ascribed to them in U.S. Patent law and can mean "includes," "including," and the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A and IB show the use of a convex lens and a spherical lens, respectively, 
for directing light rays into an optical fiber in accordance with an embodiment of the 
invention; 

Figs. 2A and 2B illustrate the geometry of the spherical lens of Fig. IB; 
Figs. 3A and 3B are views of the spherical lens of Fig. IB including an interface 
for attaching to an array in accordance with an embodiment of the invention; 
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Figs. 4A, 4B, 4C and 4D are diagrams illustrating the attachment of spherical 
light collection lenses to an array according to an embodiment of the invention; 

Fig. 5 is an expanded view of the assembly of a mating adapter for connecting an 
optical fiber to a light collection lens in accordance with an embodiment of the invention; 

Figs. 6 A and 6B show the assembled mating adapter of Fig. 5; 

Figs. 7A and 7B are diagrams showing, respectively, the middle section and the 
bottom panel of the lens array of Figs. 4A and 4B; 

Fig. 8 is a diagram illustrating an interface for controlling the light energy output 
of a lens array in accordance with an embodiment of the invention; 

Fig. 9 shows a cutoff switch for use in the interface of Fig. 8 according to an 
embodiment of the invention; 

Fig. 10 illustrates a generator system powered by collector lens arrays in 
accordance with an embodiment of the invention; 

Fig. 1 1 shows the use of collected light and light from a secondary source for 
centralized lighting in accordance with an embodiment of the invention; 

Fig. 1 2 illustrates a centralized lighting system in accordance with an embodiment 
of the invention; and 

Fig. 13 shows a multi-source lighting device according to the embodiment of the 
invention; 

Fig. 14 illustrates the beam control and light fixtures for use in the system of Fig. 
12 or the fixture of Fig. 22 in accordance with respective embodiments of the invention; 

Figs. 15A and 15B are diagrams showing a light distribution apparatus and a light 
combiner, respectively, according to an embodiment of the invention; 

Figs. 16, 17, 18, and 19 illustrate heating devices in accordance with respective 
embodiments of the invention; 

Figs. 20A and 20B show a large-scale distiller and a small-scale distiller, 
respectively, according to an embodiment of the invention; 

Fig. 21 illustrates an electricity generator in accordance with an embodiment of 
the invention; 

Fig. 22 is a diagram showing a street lamp fixture according to an embodiment of 
the invention; 
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Fig. 23 shows a light source device for use in the system of Fig. 12 or the fixture 
of Fig. 22 in accordance with respective embodiments of the invention; 

Fig. 24 illustrates a light collection facility according to an embodiment of the 
invention; 

Fig. 25 shows a light collection configuration in accordance with an embodiment 
of the invention; 

Fig. 26 is a diagram showing a solar-boosted fusion assembly 2600 in accordance 
with an embodiment of the invention; 

Figs. 27 to 30 are diagrams and tables illustrating the principles for collecting 
solar light energy using the inventive design of the collection unit according to an 
embodiment of the invention; 

Fig. 3 1 illustrates the advantages of using a multi-stage collection unit in 
accordance with an embodiment of the invention; 

Figs. 32A to 32D are diagrams showing a collection unit according to respective 
embodiments of the invention; 

Figs. 33 A to 3 3C illustrate the interface between a collection unit and a 
transmission medium according to an embodiment of the invention; and 

Figs. 34A to 34C are diagrams illustrating a collection unit according to an 
embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Figs. 1A and IB illustrate light collection by directing incoming light into an 
optical fiber, which may then transmit the collected light to an energy transfer, according 
to respective embodiments of the invention. As shown in Fig. 1A, a light collection 
system 100a may include a convex lens 105 and an optical fiber 1 10. For a distant light . 
source (e.g. the sun), incoming light 115 passing through convex lens 105 is bent inward, 
or made to converge, to a focal point 117 of lens 105 (the place where light rays 115 
converge). Lens 105 may be made from a number of transparent materials, each with a 
corresponding index of refraction (denoted by the variable n). For example, acrylic has 
an index of refraction of 1.49 (n=1.49) and Pyrex glass has an index of refraction of 1.39 
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(n=1.39). Optical fiber 110 may be placed at or near focal point 117 of lens 105 for 
collecting the converged light. 

Optical fiber 110 may be any light transmission medium that preserves the energy 
level (wavelength, intensity, etc.) of light transmitted therein. Although any type of fiber 
5 optic cable can be used (within reasonable parameters), fused silica and other high 
performance fibers are preferred over conventional plastic fiber. All types of fiber optic 
cable are highly efficient (minimal attenuation), with maximized efficiency less than 2% 
loss/km. Additionally, optical fiber 110 may be bundled or solid core — although bundled 
fiber is preferred over thicker cable for increase flexibility. Fiber optics utilizes the 
10 physical principle of total internal reflection, which is 100% reflective. Thus, no energy 
is lost each time the light bounces on the wall of a fiber optic cable. The only energy lost 
is that which is absorbed into the material of the cable itself. Other types of light 
transmission media, such as hollow light pipes coated with reflective material, may also 
be used. However, such pipes are bulky and inefficient, thus limiting the distance of 
|4. 15 transmission and utility. 

It has been determined that a point source is not optimal for light collection. 
Therefore, in accordance with an embodiment of the invention, optical fiber 1 10 may be 

Si 

Q place slightly closer to lens 105 than the focal distance (distance from lens 105 to focal 

jfj point 11 7) thereof. 

Ill 20 Fig. IB shows a modified light collection system 100b that utilizes a spherical 

1^ lens 120 in place of convex lens 105 in Fig. 1 A. As shown in Fig. IB, spherical lens 120 

acts as a converging lens on incoming light 115 in a similar manner to lens 105 by 
operation of lens section 125. Spherical lens 120 may further act as an aligned 
converging lens on incoming light rays 135 from a different direction by operation of lens 
25 section 130. Thus, spherical lens 120 may be effective in converging light rays 115 and 
135 from different directions into fiber 110 without the need for realignment. As with 
lens 105, lens 120 may be made from a number of transparent materials, each with a 
corresponding index of refraction (denoted by the variable n). For example, acrylic has 
an index of refraction of 1 .49 (n=l .49) and Pyrex glass has an index of refraction of 1 .39 
30 (n=1.39). Optical fiber 110 may be placed at or near focal point 117 of lens 105 for 
collecting the converged light. 
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Figs. 2 A and 2B are a side view and a top view of lens 120, respectively, to 
illustrate the spherical geometry of lens 120 and the convergence of lights 115, 135 and 
205 from different directions to a center point 210 of the spherical outer surface 215 
having a radius R of lens 120. As shown in Fig. 2 A, lens section 125 converges light 
5 115, lens section 130 converges light 135, and lens section 217 converges light 205, 
respectively, with corresponding focal lengths 220, 225, and 230. Thus, spherical lens 
120 allows for uniform geometry from any point of lens 120. 

As described above, lens 120, which may hereinafter also be referred to as a 
"Collector Unit" or a "Refractive Unit," according to an embodiment of the invention is a 
10 refractive unit, rather than a system of reflective mirrors and lenses which are bulky, 
difficult to maintain, and expensive. Refraction offers far higher efficiency than 
reflective mirrors (reflective mirrors require polishing which increases the overall cost of 
;S operation). A Refractive unit, i.e., lens 120, can be manufactured using a molding 

process (such as injection molding or vacuum molding), which is inexpensive and 
15 efficient. Thus, the present invention allows for changing the characteristics of lens 120 
by changing the index of refraction thereof rather than changing its curvature. As a 
result, manufacturing efficiency is increased where different units may still have the same 
shape made from the same mold, 
jj* The principles for the multidirectional light collection by spherical lens 120 

flj 20 according to the present invention will be discussed in further detail below. As will also 
i^! be described in further detail below, lens 120 may utilize multiple layers made up of 

materials with varying refractive indices. 

Figs. 3 A and 3B show the side view and the bottom view, respectively, of lens 
120 in accordance with an embodiment of the invention. As shown in Figs. 3 A and 3B, 
25 lens 120 may include a mating assembly 305 disposed on an assembly ring interface 310, 
which may be integrated to lens 1 20 or may be attached sections thereof. In accordance 
with an embodiment of the invention, lens 120, mating assembly 305, and assembly ring 
interface 310 form a whole unit that is injection molded into one piece for ease of 
assembly and replacement. Assembly ring interface 310 may run along the 
30 circumferential base edge 315 of lens 120 for mounting lens 120 onto an array 405, as 
shown in Figs. 4A, 4B, and 4C. 
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Referring now to Figs. 4A, 4B, 4C, and 4D, lens 120 may be affixed to an array 
405 that includes a number of lenses for collecting light. Figs. 4A and 4B illustrate the 
top view and the side view, respectively, of array 405. As shown in Fig. 4B, array 405 
may include a top panel 410, a middle section 415, and a bottom panel 420 for securing 
multiple lenses (e.g., lens 120). 

Fig. 4C shows the detailed assembly of affixing lens 120 to array 405. Top panel 
410 includes a circular opening 425 for fitting the spherical shape of lens 120 
therethrough. Top panel 410 may also include threads 430 for securing an O-ring 435 
and lens 120 by engaging corresponding threads 445 on a locking ring 440. Locking ring 
440 may include handles 450 for turning and engaging threads 445 on locking ring 440 to 
threads 430 on top panel 410. Fig. 4D includes a side view and a top view of locking 
ring 440 to illustrate threads 445 and handles 450. Referring back to Figs. 4B and 4C, a 
mating adapter 455 may be used to attach fiber 1 10 to mating assembly 305 of lens 120. 

Figs. 5, 6 A, and 6B show an expanded assembly view, a side view, and a top 
view, respectively, of mating adapter 455 in accordance with an embodiment of the 
invention. As shown in Fig. 5, mating adapter 455 includes a main body 505 having a 
center channel 510 that decreases in circumference and forms a circular ledge 512, screw 
threads 515 around the bottom of the inner wall of center channel 510, and openings 520 
around the circumference of main body 505. In accordance with an embodiment of the 
invention, center channel 510 houses a retractable pivot assembly 525 that secures fiber 
110. Retractable pivot assembly 525 includes: a fiber clamp 530, a retaining ring 535, a 
ball joint 540, an assembly body 545, a clamp 550, a spring 555, a rubber stopper 560, 
and a bottom cap 565. Fiber 1 10 is fitted through a center channel 570 in rubber stopper 
560, a center channel 575 in assembly body 545, and a center channel 580 in ball joint 
540 up to fiber clamp 530, which may be tightened around fiber 1 10 to secure it in place 
by tightening a screw 585. Fiber clamp 530 may be screwed on (or otherwise attached) 
to ball joint 540 which is secured within assembly body 545 by securing retaining ring 
535 to threads 590. Thus, retaining ring 535 may hold ball joint 540 within a cavity 595 
in assembly body 545 in a manner that allows ball joint 540 to pivot, and, thus, account 
for manufacturing variations and thermal expansion. Assembly body 545 includes 
retaining rings 597 for engaging the inner wall of center channel 510 of main body 505. 
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Clamp 550 secures fiber 1 10 to assembly body 545. Spring 555 and rubber stopper 560 
provide engagement of retaining rings 597 to circular ledge 512 in center channel 510 by 
pushing against bottom cap 565. 

As shown in Fig. 6A, retractable pivot assembly 525 is fitted through center 
channel 510 of main body 505. Bottom cap 565 includes threads 605 and handles 610 for 
engaging threads 515. Thus, spring 555 pushes assembly body 545 up so that an upper 
retaining ring 597 is against ledge 512 in center channel 510. Thus, by screwing bottom 
cap 565 into center channel 510, retractable pivot assembly 525 is secured in main body 
505 of mating adapter 455. As shown in Figs. 6A and 6B, fiber 110 clamped in fiber 
clamp 530 may form the target area for lens 120 when mating adapter 455 is attached to 
mating assembly 305. As described before, ball joint 540 may pivot to account for 
manufacturing variations and thermal expansion. In other words, top surface 640 of 
mating adaptor 455, which includes an input for collected light into fiber 1 10 is pivoted 
to engage the bottom surface of lens 120 at center point 210. 

In each of openings 520 on main body 505 of mating adapter 455, a spring 615 
pushes a ball 620 against a retaining plate 625 that is attached to main body 505 (e.g., 
screwed into place by engaging threads on openings 520). Thus, as shown by reference 
number 630, a part of ball 620 protrudes on the outer surface of main body 505. The 
outward pressure provided by spring 615 allows for engaging 630 (or ball 620) to 
corresponding notches in mating assembly 305. As a result, mating adapter 455 may be 
easily and securely attached to and detached from mating assembly 305. Furthermore, 
the connection between fiber 110 and lens 120 is thus sealed from external interference 
(such as dust, moisture, etc.). 

It is noted that one or more photo sensors (not shown) may be mounted on mating 
adapter 455 for measuring light input in fiber 1 10. Temperature sensors (not shown) may 
also be included in main body 505, assembly body 545, or any part of mating adapter 455 
to monitor the temperature and determine the effectiveness of light collection. 

By monitoring the temperature of mating adapter 455, it may be determined 
whether light is being converged into fiber 1 10 effectively or whether incoming light is at 
an angle such that light is not reaching fiber 110. As will be described in further detail 
below, array 405 may include a system for change angle of the attached lens (including 
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lens 120) to maximize collection of incoming light. Thus, temperature sensors may be 
used for determining the angle of the incoming light, and thereby adjusting the angle of 
array 405. 

Referring back to Figs. 4 A and 4B, lens 120 is secured to array 405 where mating 
5 adapter 455 secures fiber 110 to the target area at center point 210 of lens 120 by 
engaging mating assembly 305. Fiber guides 460 are disposed between top panel 410 
and middle section 415 of array 405 for guiding fiber 110 along array 405. Fig. 7A 
illustrates the top view of middle section 415. As shown in Fig. 7 A, fiber guides 460 
guide fiber 110 to an array control 705 and a fiber control interface 710 for array 405. 
10 Fig. 7B shows bottom panel 420 where a locking mechanism 715 and a hinge 720 
provide for opening and closing an access panel 725 and allowing access to the interior of 
array 405. 

□ 

t gj Fig. 8 illustrates fiber control interface 710 for controlling the energy output of 

art 

fiber 110 in accordance with an embodiment of the invention. As shown in Fig. 8, 

ill 

15 interface 710 may include a fiber input 805 where fibers from the lenses on array 405 

0 

jvj (including fiber 1 10 from lens 120) are connected through a cut-off switch 810 to a fiber 

-output 815, which may be connected to a power system, a lighting system, etc. As will 

si 

O be described in further detail below, cut-off switch 810 provides for turning on and off 

r S fiber output 815 according to an embodiment of the present invention. In other words, 

Hi 20 the light collected at array 405 may be turned on and off using cut-off switch 810. 
jj, Fiber control interface 710 may also includes a system for cooling array 405 and 

cut-off switch 810. As shown in Fig. 8, interface 710 may include an air intake 820 
where cool exterior air is drawn in by a fan 825. The drawn-in air may be directed 
through an air bypass 830 to the interior of array 405 and through a master duct 835 to 
25 cut-off switch 810. Fan 825 may be controlled by a microprocessor 840, which may also 
control cut-off switch 810 through an electrical switch control 842. Microprocessor 840 
may be powered by an electrical bus 845 connected to array 405. Electrical bus 845 may 
be connected to one or more solar cells (not shown) in array 405 for converting solar 
energy to electrical power needed to power microprocessor 840, fan 825, cut-off switch 
30 810, etc. Cut-off switch 810 may be connected to an array of thermal photo-voltaic 
("TPV") cells 850 that can be an alternative source of power when array 405 is switched 
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off. The heat exhaust from cooling array 405 and cut-off switch 810 may be passed out 
through a vent 860. 

Fig. 9 illustrates cut-off switch 810 in accordance with an embodiment of the 
invention. As shown in Fig. 9, cut-off switch 810 may include a prism 905. In 
accordance with an embodiment of the invention, prism 905 may include a reflective 
surface 910. Fig. 9 shows cut-off switch 810 in an "on" position where prism 905 is slid 
out of the path of the light passing through from fiber input 805 to fiber output 815. 
When cut-off switch is turned "off," microprocessor 840 controls drive motor 915 to turn 
worm gear 920 to slide prism 905 into the path (or line of sight) between fiber input 805 
and fiber output 815. As a result, prism 905 may deflect (by refraction and/or reflection) 
the collected light from array 405 onto TPV cells 850 where the energy may be converted 
and stored in a storage device (not shown), such as a battery and the like. TPV cells 850 
may include a heat sink 930 to prevent overheating. It is noted that any type of energy 
absorbing cells (e.g., photo-voltaic cell) may be used to convert and store the light energy 
deflected by prism 905 when cut-off switch 810 is turned off. TPV cells 850 are 
preferred because they are effective in converting a full range of visible and infra-red 
lights and are also effective in converting heat energy, whereas other types of cells may 
have much lower tolerances for heat. Thermo Photovoltaic Systems are far more 
effective than existing systems because they utilize all frequencies of light, not just the 
visible spectrum. 

TPV Systems offer unprecedented efficiency (200x) when compared to normal 
photovoltaic systems. Highly increased efficiency allows TPV module to be extremely 
portable and powerful. A TPV System converts all available wavelengths into electrical 
energy unlike PV systems, which only utilize select wavelengths. According to the 
Second Law of Thermodynamics, the entropy of a system and its environment always 
increases. All forms of light will be converted into heat and used by the TPV cells, thus 
allowing for generation of both light and electrical power. Furthermore, an alternative 
energy source (not shown), such as an integrated gas/oil burner, may complete the TPV 
system by providing infra-red, or heat, to TPV cells when solar energy is not available. 

When cut-off switch 810 is turned "on," the light collected at array 405 is passed 
through to fiber output 815. As illustrated in Fig. 10, fiber output 815 may be connected 
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to a power generation system 1000. The light at fiber output 815 may be directed to 
beam dispersion inputs 1005 of a conversion chamber 1010. The light is, thus dispersed 
to a fluid-filled container 1015 in conversion chamber 1010. The fluid may be any type 
of heat conducting medium. Container 1015 may include reflective interior walls so that 
5 the light from beam dispersion inputs 1005 is reflected back into the fluid in container 
1015. The fluid in container 1015 may include suspended particles of carbon that absorb 
the dispersed solar light. It is noted that the liquid may include any type of light 
absorbing media and is not limited to carbon particles. By absorbing the light, the carbon 
particles heat the fluid in conversion chamber 1010. The heated fluid is pumped to a heat 
10 exchanger 1020 where it is used to heat and boil water 1025 to create steam 1030. As a 
result, the fluid is cooled at heat exchange 1020, and pumped back into conversion 
chamber 1010 to be reheated. A pump 1035 may be used to pump the fluid between 
'fjji conversion chamber 1010 and heat exchanger 1020. Steam 1030 from heat exchanger 

:fr 1020 is directed to and turns a steam turbine 1040 connected to a generator 1045. Power 

M= 15 is thereby generated. The steam is then passed through a condenser 1050 where the 
jYji exhaust heat from steam 1030 is recycled or expelled. The resulting water is pumped 

^ back to heat exchanger 1020 by a water pump 1055. The waste heat from cooling the 

Si 

O steam in condenser 1050 may be directed to TPV cells 850 for generating reserve power 

jSJ to be used when array 405 is unavailable or turned "off." (It is noted that water 1025 may 

1"*! 20 be directly heated by a light absorbing medium, whereby collected light may be direct to 
jUi said medium.) 

With the arrangement described above, generator 1045 may be used as a reliable 
power source. In accordance with an embodiment of the invention, generator 1045 may 
be a stand alone power source for a home, an industrial level power source for servicing 
25 one or more industrial facilities, a commercial power plant, etc. A further advantage of 
power generation system 1000 is that it may be combined with any other types of power 
systems. For example, a traditional fossil fuel generator may be used to heat water 1025 
or power generator 1045 in combination with power system 1000. 

In accordance with an alternative embodiment of the invention, fiber output 8 1 5 
30 from control interface 710 may be connected to a central lighting beam control apparatus 
1 100, as shown in Fig. 11. Beam control apparatus 1 100 may include a secondary light 
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source 1105, which may be a high efficiency interior light source powered by an 
independent power source other than the power generation system of the present 
invention. For example, secondary light source 1105 may be a high intensity discharge 
xenon light, a fluorescent tube, a sodium vapor high-output light, a light emitting diode 
("LED"), a halogen lamp (which may be boosted for color balance), a standard light bulb, 
etc. Thus, apparatus 1100 and light source 1105 are modular and replaceable. A 
microprocessor 1110 may be included to control an amount and/or characteristic (e.g., the 
color balance) of light at lighting output 1115 in accordance with lighting requirements 
by controlling a liquid crystal display ("LCD") 1120. A beamsplitter 1125 may be 
included to split the outputted light at lighting output 1115 to a number of lighting 
fixtures. Control may be based on user input and the amount and/or characteristic (e.g. 
color balance) of light available from fiber output 815. Accordingly, microprocessor 
1110 may control the amount and/or characteristic (e.g., color balance) of light from fiber 
output 815 and secondary source 1115 outputted at lighting output 1115. 

Lighting output 1115 may be connected to a number of light fixtures for 
providing a centralized lighting source for these fixtures. Fig. 12 illustrates a centralized 
lighting system 1200 in accordance with an embodiment of the invention. As shown in 
Fig. 12, fiber output 815 from array 405 may be connected to a beam control switch 
1205. With reference to Fig. 8, electrical control 842 may also be connected to beam 
control switch 1205. Accordingly, the light output from array 405 may be controlled via 
electrical control 842 by turning cut-off switch 810 on and off. An alternative source 
apparatus 1210, which will be described in further detail below, may also be connected to 
beam control switch 1205 via one or more optical fibers 1215. Beam control switch 1205 
may be controlled using a master switch 1220. Thus, according to user input at master 
switch 1220, beam control switch 1205 may control the respective amounts of light from 
array 405 and alternative source apparatus 1210 to be switched to outputs 1225 and 1230 
of beam control switch 1205. Outputs 1225 and 1230 are connected to beamsplitters 
1235 and 1240, respectively, for providing light to fixtures 1245, 1250, 1255, and 1260. 
Fixtures 1245, 1250, 1255, and 1260 may be any type of lighting fixtures for flood and/or 
spot lighting. As will be described in further detail below, one or more of lighting 
fixtures 1245, 1250, 1255, and 1260 may include feedback to beam control switch 1205 
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for providing information on the amount of light being outputted at respective fixtures. 
Based on the feedback information, beam control switch 1205 may appropriately adjust 
the amount of light outputted at outputs 1225 and 1230. 

Fig. 13 illustrates alternative source apparatus 1210 in accordance with an 
5 embodiment of the invention. As shown in Fig. 13, alternative source apparatus 1210 
may be formed by a tube 1302 that includes a light source 1305, which may be powered 
by an external source 1310, such as conventional utility power. Tube 1302 may include a 
reflective inner surface. Light source 1305 may be a high intensity discharge xenon light, 
a fluorescent tube, a sodium vapor high-output light, a light emitting diode ("LED"), a 
10 halogen lamp (which may be boosted for color balance), a standard light bulb, etc. A 
heat conductor 1312 may be connected to light source 1305 to prevent overheating. In 
accordance with an embodiment of the invention, heat conductor 1312 may direct the 
*U heat from light source 1305 to TPV cells 850 for storing the energy. Alternative source 

^ apparatus 1210 may further include a headlight-like reflector 1315 for reflecting the light 

M ! 15 from light source 1305 to form a parallel beam across tube 1302. On the opposite end of 
jjj tube 1302, a dish-type collector 1320 reflects the beam from reflector 1315 to a focal 

^ point reflector 1325, where the focused reflection is directed to an output to fiber 1215. 

Si 

19 An attachment mechanism, e.g., screw threads, 1330 may be included for easy 

detachment of reflector 1315 from tube 1302 so that light source 1305 may be replaced 

V* ! i 

;j£ 20 with ease. As shown in Fig. 12, fiber 1215 is connected to beam control switch 1205. 

{«*■ Beam control switch 1205 according to an embodiment of the invention will now 

be described in detail. As shown in Fig. 14, beam control switch 1205 includes an input 
1405 from fiber output 815 (i.e., array 405) and an input 1410 from fiber output 1215 
(i.e., alternative source apparatus). The light received at inputs 1405 and 1410 are 
25 combined to a thick fiber 1415. A one-way reflecting or semi-reflecting coating 1420 
may be disposed at the input of thick fiber 1415 to prevent light from leaking back to 
inputs 1405 and 1410. An "LCD" 1425 may be disposed at thick fiber 1415 to provide 
red, green, and blue light filtering for color correction of light, dimming of fixtures, and 
brightness control. The light passing through LCD 1425 enters beamsplitter 1235 and/or 
30 1240 where it is split to a number of output fibers leading to respective lighting fixtures, 
as shown in Fig. 12, Fixtures 1250 and 1260 are also illustrated in Fig. 14. As shown in 
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Fig. 14, fixture 1250 may be a flood light having spherical geometry for eliminating 
chromatic aberration, and made with highly refractive material to ensure maximum 
dispersion. Fixture 1250 may further include a reflective (e.g., silver) inner coating for 
maximum light projection. An LED or Organic Light Emitting Diode ("OLED") 1430 
may be mounted at the periphery of fixture to provide night time and/or low level 
illumination. LED or OLED 1430 may be independently powered or powered by the 
system of the present invention. As shown in Fig. 14, fixture 1260 may be a spot light 
having reflectors 1435 and 1440. Fixture 1260 may also include an LED or OLED 1445 
for night time and/or low level illumination. Fixtures 1250 and 1260 may each also 
include a photosensor 1450 and 1455, respectively, for measuring the light outputted. 
Since beamsplitter 1235/1240 disperses light evenly to its connected fixtures, only one 
photosensor 1450/1455 may be needed for each group of fixtures (e.g., 1245 and 1250, or 
1255 and 1260). Light measurement data is forwarded back to a microprocessor 1460 of 
beam control switch 1205. Based on the light measurement data received from various 
photosensors (1450/1455), microprocessor 1460 controls LCD 1425 and secondary 
(internal) source 1210 to control the amount and property of light provided to the 
corresponding fixtures (1245 and 1250/1255 and 1260). Microprocessor 1460 may be 
powered by collectors (405) and/or a secondary power source 1465. 

The central lighting systems illustrated by Figs. 11 to 14 may be used in any 
residential, commercial, or industrial systems. Increased benefits of such central lighting 
systems include: less bulky, easier to change lights, reflects bad light waves, safer 
(reduces the amount of electrical wiring in a building, reducing risk from a short circuit), 
power saver. Infrared radiation is absorbed to produce energy, instead of being reflected 
or absorbed as waste and heat. Visible light is directed and used as lighting. 

Furthermore, systems 1100 and 1200 may be used to generate power as well as 
light. Systems 1100 and 1200 are modular allowing easy installation, removal and 
maintenance. The modular light capture chambers (e.g., 1210) allows light sources (e.g., 
1305) to be located in a convenient location instead of difficult to reach fixtures. Light 
Capture chambers (e.g. 1240) redirect all the light, through the bundled fiber optic cable 
(e.g., 1215), to any desired location. Existing systems use shades, lamp covers or fixtures 
to obtain the desired brightness and direction. These older systems allow for much waste 



16 



PATENT 
790002-2001 

compared to systems 1100 and 1200 according to the respective embodiments of the 
invention. 

As mentioned before, the light collection methods and apparatuses of the present 
invention make use of sunlight as a renewable natural resource that can generate energy 
for large-scale operations, such as power plants, on a more efficient and less waste 
producing method than currently used solar thermal systems. Collector arrays (405) are 
highly scalable and modular. Minimizing maintenance and expansion costs. Large 
numbers of collector arrays (405) channel solar energy, via fiber optics (110), to a 
conversion chamber (1010, Fig. 10). Conversion chamber (1010) may be filled with 
conductive heat absorbing liquid with light absorbing media (i.e., oil with suspended 
carbon powder). This concentrates the greatest amount of energy in the smallest amount 
of space and minimizes loss through insulation. This heated fluid is then pumped though 
a heat exchanger (1020) that boils water. The resulting steam is used to drive a turbine 
(1040) and produce electricity. The amount of piping used is kept to a minimum and not 
strewn about the entire facility. There is substantial savings in maintenance and far less 
piping, thus minimizing energy losses. As mentioned before, the water may be heated 
directly by light absorbing media. 

Solar Furnaces may also utilize large-scale mirrors that are focused onto a single 
point. They are not scalable and quickly reach a maximum number of mirrors, after 
which any increase in the number of mirrors will have no benefit. These "mirror 
furnaces" required a high level of maintenance with mechanical tracking systems and 
highly polished mirrors. Parabolic Solar concentrators suffer from the same problems as 
mirror furnaces, although not as pronounced. However, parabolic systems are not nearly 
as efficient as mirror furnaces because of energy loss through piping. Piping is very 
failure prone due to thermal expansion and contraction. Flat Solar Concentrators as 
exhibited in Patent No. 4,078,548 Kapany require large amounts of insulation and are not 
efficient enough for large-scale operations. They are typically used as pool water heaters 
and solar water heaters. They also suffer from piping problems. Freezing temperatures 
can also rupture these pipes. Furthermore, phase changes in systems of the present 
invention result in increased efficiency (e.g., when water in the piping reaches boiling 
point, the steam is substantially more efficient in turning turbine 1040). 
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Given the scalability of the light collection methods and apparatuses of the 
present invention, there may be a need for a light control distribution system to allow for 
more efficient routing and distribution of light in a large scale system. Fig. 15A 
illustrates a control distribution system 1500 including a fiber input combiner 1505 for 
combining a number of fibers from respective light collectors/arrays (405) into an output 
for beam control unit 1510. Beam control unit 1510 may be controlled by a 
microprocessor 1515 that includes a number of data inputs 1520 for setting control 
parameters for controlling the amount, characteristics, etc., of light outputted to 
respective devices by beam control unit 1510. As shown in Fig. 15B, fiber input 
combiner 1505 may simply be multiple fibers combining into a single fiber where the 
light, or "signals," of the respective multiple fibers are combined into the single fiber. As 
a result of such combinations, energy density per fiber may be increased while reducing 
the number of fibers per bundle needed. Other methods of combining fibers may also be 
used (e.g., thick fiber 1415 in beam control 1205 as shown in Fig. 14). 

An electrical power generator (1000, Fig, JO) and a centralized lighting system 
(1100 and 1200, Fig. 11 and 12) in accordance with respective embodiments of the 
invention have been described thus far. However, the light collection methods of the 
present invention are not limited to these embodiments and may be implemented in a 
wide variety of applications. In other words, arrays (405) of light collection units, or 
lenses, (120) may be connected to many different types of systems other than electrical 
system 1000 and lighting systems 1 100 and 1200 for different uses of the collected light. 
A number of exemplary embodiments of the present invention will now be described. 

In accordance with an embodiment of the invention, light may be channeled into 
a light absorbing medium, e.g. a carbon substrate, which becomes heated. Such a system 
can be used in conjunction with existing household/industrial furnaces and space heaters, 
reducing load on existing systems. Modified version of the solar thermal generator can 
be used to boil water, reducing load on existing water heaters. 

Fig. 16 illustrates a heater 1600 utilizing light collected using one or more arrays 
(405) of light collection units (120). As shown in Fig. 16, heater 1600 may include a 
water/air heat exchanger 1605 for transferring heat from water to air. Water from a solar 
boiler (not shown) that is heated using collected light may be exposed to cool air drawn 
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in from an intake 1610 at water/air heat exchanger 1605. Water/air heat exchanger 1605 
may simply be a length of heat conducting water pipe(s) for exposing and transferring the 
heat from the water within to the surrounding air, thus producing heated air at an air 
output 1615. Water outputted from water/air heat exchanger 1605 may be returned to the 
solar boiler (not shown) for reheating. A gas burner 1620 may be used as a secondary 
system for heating the water in water/air heat exchanger 1605 and/or the air at output 
1615 directly. As an example, water/air heat exchanger 1605 may be realized using 
condenser 1050 of electrical power system 1000 shown in Fig. 10 (where steam chamber 
1020 is the input source of heated water). Heater 1600 shown in Fig. 16 may be used as a 
centralized heating system for a home, a commercial or industrial building, etc. It may 
also be implemented in a standalone heating apparatus, such as a dryer, a heater, a 
cooker, etc. where heated air is used. 

Fig. 17 illustrates a solar oven 1700 in accordance with an embodiment of the 
invention. As shown in Fig. 17, solar oven 1700 may include a fiber input 1705 and a 
dispersion lens 1710, where the collected light, say, from array 405 is dispersed to a light 
absorbing medium, e.g., carbon/ceramic substrate (which is non-reflective, in contrast to 
a lighting fixture) 1715 for absorbing the light dispersed from dispersion lens 1710. 
Substrate 1715 may be enclosed in an outer insulation 1720 for preventing heat from 
escaping. A safety cover 1725 may be provided for preventing injury by direct contact. 
Thus, radiant heat 1730 from substrate 1715 may be effective in heating an oven chamber 
(not shown). Solar oven 1700 may be a standalone apparatus relying upon solar energy, 
or it may be integrated to a gas or electrical oven to form a hybrid having multiple energy 
sources. In addition, oven temperature may be controlled by adjusting the amount and 
characteristic of light at input 1705 and/or adjusting one or more such alternative energy 
sources. 

Fig. 18 shows a water heater (furnace or boiler) 1800 in accordance with an 
embodiment of the invention. As illustrated in Fig. 18, water heater 1800 includes a cold 
water intake 1805 where cold water is directed through a heating chamber 1810 to a hot 
water output 1815. Heating chamber 1810 may include carbon pellets and/or any other 
suitable type(s) of substrate for absorbing light dispersed by dispersion lens 1820. The 
pellets (or substrate) in heating chamber 1810 thus, heats the water from intake and the 
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heated water is outputted at output 1815. A temperature sensor 1825 may be included at 
output 1815 for providing a feedback signal to a temperature controller 1830 for 
controlling the amount and characteristic of light used for heating chamber 1810. 
Insulation 1835 may be used to prevent heat from escaping heating chamber 1810. Filter 
screens 1840 may be used to contain the carbon pellets (or substrate), thus, forming 
heating chamber 1810. 

Next, a high-temperature solar furnace is described with reference to Fig. 19. As 
shown in Fig. 19, one or more fibers carrying high-intensity collected light may be 
connected to an input 1905 of a spherical reflective furnace chamber 1910 with a semi- 
silver dispersion lens 1915 disposed at input 1905 for dispersing the collected light into 
furnace chamber 1910. Extremely high temperatures may be achieved by inputting high- 
intensity collected light into such a reflective furnace chamber 1910. Consequently, such 
furnace chamber 1910 may be used for any high-temperature application, such as 
disposing of waste, smelting ore, etc. 

As a variation of solar furnace 1910 shown in Fig. 19, collector arrays (405) may 
be connected to a boiler 2005 to form a solar distiller/desalination apparatus 2000, as 
illustrated in Figs. 20A and 20B. Fig. 20A shows a large-scale distiller 2020, whereas 
Fig. 20B illustrates a smaller-scale (e.g., household) distiller 2010 for providing drinking 
water. 

As shown in Fig. 20A, collector arrays 2015 are connected to a power distribution 
system 2020. Collector arrays 2015 and power distribution system 2000 may be similar 
to those of the previously described embodiments (e.g., 405, and 710 respectively) of the 
present invention. The power outputted from power distribution system 2020 may heat 
boiler 2005 having a water input (which may include any type of water source, e.g., salt 
water for desalination) 2025 where steam so generated is directed to a distiller. In 
accordance with the present invention, condenser 1050 shown in Fig. 10 may also form a 
distiller via an output 2030. For using condenser 1050 in Fig. 10 as a distiller, instead of 
using the closed steam-water loop shown in Fig. 10, distilled water may be condensed 
from the excess steam from turning turbine 1040 and outputted for use, and an external 
water source (not shown) may be used to supply steam chamber 1020. 
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Referring now to Fig. 20B, collector arrays 2015 may be connected to an on/off 
switch 2035, which may be similar to cut-off switch 810 shown in Fig. 9. The output of 
on/off switch 2035 may be connected to an insulated canister 2040 with reflective interior 
walls that can be opened and closed for supplying water thereto. Canister 2040 may 
5 contain carbon pellets or the like (any light absorbing substrate) 2045 for absorbing the 
collected light from arrays 2015 and heating water to generate steam. The steam from 
canister 2040 may, then, be directed to a condenser 2050 and then, a clean water reservoir 
2055. 

In accordance with yet another embodiment of the invention, TPV power modules 
10 may be used for electrical power generation. As shown in Fig. 21, a TPV power 
generation system 2100 may include a number of slots 2105, 21 10, and 21 15 for housing 
a TPV power module 2120. Each TPV power module 2120 connected to respective slots 
2105, 2110, and 2115 may convert collected light from fiber inputs 2125 into electrical 
energy, which is then outputted to a power inverter 2130. Power inverter 2130 may, 
m 15 then, convert the Direct Current (DC) power from the TPV power modules (2120) into 
jSJ Alternating Current (AC) output power 2135. TPV power module 2120 may operate in a 

^ manner similar to cut-off switch 810 shown in Fig. 9 in the "off position. As shown in 

Si 

Q Fig. 21, TPV power module 2120 may include a dispersion prism 2140 for dispersing 

;3! input light onto TPV cells 2145. A reflective layer may be disposed on the back surface 

FU 20 of prism 2140 for preventing light from escaping and reflecting all light onto TPV cells 

Q 

jjt 2145. A carbon (or another type) substrate 2155 may be disposed adjacent TPV cells 

2145 for absorbing any remaining spectra of light and radiating the resulting heat onto 
TPV cells 2145. The energy received by TPV cells 2145 may, thus, be converted into 
DC electrical power, which is outputted to power inverter 2130 via output 2160. An 

25 exhaust fan 2165 may be used to draw cool air in from air input 2170 through heat sink 
2175 to air output 2180 for cooling TPV cells 2145 and for preventing overheating. TPV 
power modules (2120) may be large-sized modules for industrial and large-scale 
commercial applications. TPV power (2120) modules may also be portable, powerful 
and cost effective, for residential and/or small-scale commercial use. As noted before, 

30 TPV cells are 200x more efficient than standard PVs and convert all wavelengths into 
electrical energy. Thus, the use of TPV power modules (2120) in TPV power generation 
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system 2120 may be one alternative to power system 1000 shown in Fig. 10. Although, 
as mentioned, before, TPV cells are extremely expensive, their tremendous efficiency can 
justify the cost. TPV modules are scaleable to any application (i.e., Kilowatt, Megawatt). 
As further mentioned before, an alternative energy source (not shown), such as an 
5 integrated gas/oil burner, may complete TPV system 2100 by providing infra-red, or heat, 
to TPV cells 2145 when solar energy is not available. 

Light collection in accordance with the present invention may also be done using 
a large number of collection lenses dispersed across a wide area on fixtures, such as street 
lamps, for power generation. Such a system may be implemented with relative 
10 convenience because fixtures such as street lamps are already connected via existing 
infrastructure. 

As illustrated in Fig. 22, a street lamp 2200 may include one or more collection 
lens(es) 2205 with a fiber output 2210 to a power converter and controller (not shown), 
which may be a centralized or regional controller. Collection lens(es) 2205 may be 

15 similar to lens 120 as shown in Fig. 2. Thus, lens(es) 2205 may also be similar to array 
405 and the like. Light energy may be converted to electrical power in accordance with 
the present invention whereupon it is directed to a collection chamber 2215. Collection 
chamber 2215 may be realized using source 1210 of Fig. 13 or source 1100 of Fig. 11 
where light from a light source (e.g., a lamp or light bulb) may be focused into a fiber 

20 2220 and directed to a light fixture 2225 of street lamp 2200. Advantageously, the light 
source (e.g., lamp or light bulb) in collection chamber 2215 is located at the base of street 
lamp 2200, and maintenance is eased substantially (i.e., a light bulb can be changed at the 
base of street lamp 2200). Street lamp 2200 according to the present invention may also 
improve safety because collection lens 2205 and light fixture 2225 may be made from 

25 relatively lightweight material. Thus, a heavy solid structure is no longer needed to 
support a large lighting fixture at the top of street lamp 2200. 

As described before, collection chamber 2215 may be realized using source 1210 
of Fig. 13 or source 1 100 of Fig. 11. Alternatively, Fig. 23 illustrates collection chamber 
2215 in accordance with an embodiment of the invention. A light source (e.g., light bulb) 

30 2305 may be mounted onto a detachable fixture 2310 that may be affixed to collection 
chamber 2215. Fixture 2310 may include an external LED 2315 for indicating a failure 
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of light source (light bulb) 2305 and, thus, signaling for maintenance. With fixture 2310 
being affixed to collection chamber 2215, light source 2305 may be mounted at a center 
point of a focusing reflector 2320 for reflecting parallel beams of light 2322 from light 
source 2305. Collection chamber 2215 may include a primary lens 2325, and may further 
5 include a secondary lens 2330 for focusing the parallel beams of light 2332 from focusing 
reflector 2320 into a fiber interface 2335. A teardrop-shaped reflector 2340 may be 
disposed around primary lens 2325 and/or secondary lens 2330 to collect ambient (or 
scattered) light into fiber interface 2335. 

Again, as described before, collection chamber 2215 may be realized using source 
10 1210 of Fig. 13 or source 1100 of Fig. 11. Conversely, collection chamber 2215 as 
shown in Fig. 23 may be used as secondary source 1210 in centralized lighting system 
1200 shown in Fig. 12 or source 1100 of Fig. 11. Thus, fiber interface 2335 may be 
connected to a centralized lighting controller, such as controller 1205 as shown Fig. 12, 
or any reflector fixture such as light fixture 2125 in Fig. 22, through one or more optical 

ru 

\fX 15 fibers. In accordance with an embodiment of the invention, collection chamber 2215 may 
include reflective material throughout its interior surfaces. Light source 2305 may be a 
'4 standardized light bulb for easy replacement and minimized cost, thus allowing for wide- 

spread use. The size and power (or voltage) of fixture 2310 may be altered to support 
different types of light source 2305 ~ e.g., industrial sodium vapor, standard, halogen, or 



V, 

(ft 

0 

flj 20 fluorescent lighting. As with all aspects of the present invention, collection chamber 
2215 is modular such that multiple chambers may be used in a system for lighting an 
area, a building, etc. Thus, lighting capacity of such a system can easily be adjusted by 
changing the number of chambers, thereby allowing flexible customization of lighting 
systems for various applications and lighting needs. 

25 Another advantage of collection chamber 2215 is that it allows for light source 

2305 to be placed in a separate and accessible area for easy maintenance and for 
preventing heat buildup where lighting is needed. For example, fixtures may be located 
in hard-to-reach places for lighting an area, and maintenance need not be performed at 
these places but instead can be performed at chamber 2215 (which may be placed in a 

30 basement room or the like). Additionally, heat from light source 2305 is substantially 
insulated from the lighted area. It is noted that the power/lighting/heating systems and 
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apparatuses of the present invention may be used in all types of applications in all types 
of settings. For example, the light collection method may be used for a desert-based 
power/heating plant (in., e.g., Arizona, Spain, Australia, etc.), a power/heating system for 
mountainous areas (e.g., ski-lodges or hiking lodges in the Rockies, Alps, etc.), a 
5 desalination facility for water supply, etc. 

Fig. 24 illustrates a further exemplary embodiment of the present invention where 
the light collection method is implemented in a modified, power generator or self- 
powered oil rig 2400. As shown in Fig. 24, power generator/oil rig 2400 may include 
arrays 2405 of light collection (120) that are connected to and a heat a solar turbine to 
10 generate electrical power (to shore or to self-power) or a drill rig directly. A cooling 
tower 2415 may be included to prevent overheating. Solar furnace 2410 may also be 
used for desalination (fish water supply). Power cables (not shown) and/or optic fibers 
for transmitting collected light (not shown) may be connected to shore for supplying 
power, light, heat, etc., to shore. Such cables/fibers may be disposed under water or sea 
[«*. 15 (ocean) floor to avoid exposure. 

Fig. 25 illustrates a configuration of array 405 in accordance with an embodiment 
of the invention. As shown in Fig. 25, array 405 may be tilted to an angle for optimal 
light collection and/or for fitting the surroundings. For example, array 405 may be place 
;SJ on a slanted roof of a residence. In accordance with an embodiment of the invention, a 

IIS 20 cover (not shown) may be placed over array 405 or individual collectors (102) to prevent 
j j, damage or buildup of interfering particles (e.g. dirt, snow, etc.) 

Fig. 26 is a diagram showing a solar-boosted fusion assembly 2600 in accordance 
with an embodiment of the invention. As shown in Fig. 26, a multiple lens system 2605 
may be used to focus light from one or more fibers 2610, which may be a collection of 
25 fibers such as fiber 110 and/or fiber output 815, into a focal point 2615 where a 
deuterium bead may be placed. Thus, a large array (405) having a large number of lenses 
(120) may be used to utilize solar thermal energy to assist a fusion reaction. 
Accordingly, a high intensity burst of concentrated solar energy, which may be focused 
using lens system 2605, may be used to initiate a reaction in deuterium bead (2615). 
30 Unused light may be recaptured by a collector 2620, which may be similar to lens 120, 
apparatus 1100, apparatus 1210, or a combination thereof. Collector 2620 may also be 
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realized by collector 3100 as will be described below with reference to Figs. 32A, 32B, 
32C, and 32D. 

The principles for collecting solar light energy using the inventive design of lens 
120 in accordance with an embodiment of the invention will now be described in detail. 

The fundamental basis for determination of the overall dimensions of the optics 
lens collector 120 is accomplished through ray tracing. It has been determined that the 
typical methods of solving this thick lens optics problem using the thick lens equations 
based off of thin lens equations proves to be inadequate due to drastic assumptions made. 
The methods determined not valid are the Gaussian and Newtonian forms of the lens 
equations. Both are derived for thin lenses, but can be used for thick lens approximations 
only. For comparison, a thick lens calculation is included. The position of given objects, 
in this case the sun, is formed by successive applications of the reflection and refraction 
at spherical surfaces. The premise of the following thick lens calculation is based off of 
the following simple optics theory. More appropriately called trigonometric, or 
geometrical optics. This includes incident rays parallel to the axis and incident rays taken 
with respect to the horizon. One must note the intrinsic loses of reflection at spherical 
surfaces, therefore it is recommended that a decisive thin film is chosen to promote 
higher efficiency due to a higher transmission of light energy. The less that is reflected 
the more that is transferred, etc. Thus, anti-reflective coating similar to those used in 
eyeglasses and other optics can be applied to minimize losses through reflection that 
occurs at the incident points throughout the collector system (i.e., collector unit surface, 
between layers, at the fiber interface point, the collection chamber, etc.). 

The travel of light through a surface (or interface) that separates two media is 
called refraction, and the light is said to be refracted. Unless an incident beam of light is 
perpendicular to a surface, refraction by the surface changes the light's direction of 
travel. The beam is said to be "bent" by refraction. Bending results only at the surface 
resulting in an incident ray and reflected ray. Each ray is oriented to a line perpendicular 
to the surface called the "normal". The angle of incidence isG, ? the angle of reflection is 
0,' , and the angle of refraction is 9 2 . 

Law of reflection: a reflected ray lies in the plane of incidence and has an angle 
of reflection equal to the angle of incidence. Therefore: 
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O x =9/ (reflection), ( 1 ) 

Law of refraction: a refracted ray lies in the plane of incidence and has an angle 
of refraction that is related the angle of incidence by: 

n 2 sin 0 2 = n x sin 0 , (refraction), ( 2 ) 

where n x and n 2 are each a dimensionless constant known as the index of 
refraction. This equation is also more familiar known as Snell s Law. 
The index of refraction of a medium: 



/v 9 



where v is the speed of light in that medium and c is tits speed in vacuum. 
To compare angle of incidence to angle of refraction rearrange equation (2) as: 

Yl 

sin 9 1 - — sin0 

n 2 9 (4) 



The following three results could possibly take place. 

1 . if n 2 = n x , then 0 2 =6 , . Here the light beam is not bent in any manner. 

2. if n 2 > /?, , then 6 2 <9 , . Here Refraction bend the light beam toward the normal. 

3. if n 2 < , then 0 2 >0 , . Here the light beam is reflected away from the normal. 
The spreading of light, chromatic referring to the colors associated with the 

individual wavelengths and dispersion referring to the spreading of light according to its 
wavelengths or colors. Note that the index of refraction n is depends on the wavelength, 
except in a vacuum. This implies that light of different wavelengths will be refracted at 
different angles. This is important if we want to capture any other wavelengths. This 
would be advantageous because if the sensor could capture energy of different 
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wavelengths, then obviously more total energy could be captured as opposed to just 
visible light. Regardless, the index of refraction in a given medium is greater for a 
shorter wavelength than for a longer wavelength. (Hence, blue light bends more than red 
light). This isn't necessary a concern for our application due to the fact that white light 
consists of components of all the colors in the spectrum with all predominantly uniform 
intensities, that of the average wavelength of a candle flame. 

As the angle of incidence increases, the angle of refraction increases; which 
means that the refracted ray points directly along the interface. The angle of incidence 
giving this situation is called the critical angle, 0 C . 

6 = sin" 1 ^2- 

«, ' (5) 

The Fresnel bright spot - Like the corona around the moon is a composite of the 
diffraction patterns of airborne water drops. The refracted wave fronts are not spherical; 
therefore, they do not all intersect at a common focal point. This is better known as 
spherical aberration. Error results in large angles of incidence. Small incident angle, 
known as paraxial rays, are assumed once the trigonometric equations become 
generalized into the algebraic equations. The algebraic equations assume the small angle 
assumption of the series expansion of sin<|) (higher order terms are neglected). 

sin0 = <p- — + - .... 

3! 5! 5 (6) 

Assumption: 

sin <j> = <|> for small paraxial angles 
The fraction of the incident light reflected from an air-glass boundary surface is 
only of the order of a few percent; never the less, internal reflections at the surface reduce 
efficiency and can drastically be reduced to negligible amounts my nonreflecting coatings 
on the lens surfaces. The indexes must be properly chosen to be some value intermediate 
between that of air and the glass, so that equal quantities of light are reflected form its 
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outer surface, and from the boundary surface between it and the glass. The same phase 
change (180 degrees out of phase with the reflected wave from the second) must occur in 
each reflection so complete destructive interference results. For the desired purpose of 
the present invention, a film thickness of Va the wavelength of green/yellow (the 
wavelength of a candle flame) light would be appropriate reducing the loss of light 
energy through reflection by about 4 to 5 percent. Gas, refraction cavities may provide 
an alternative in this category. 

For thick lens optics, ray tracing is the most effective method to estimation focal 
length with variant angles of incidence. It also reveals the focal "bright spot" location 
from the axis of symmetry. This in turn reveals the potential angle of usable exposure. 
Programs exist aiding in this area. Several should be explored, and will be necessary 
upon implementation of a multi-lens optical system, fresnel lens, and fiber optics (total 
internal refraction/reflection losses). 

Fig. 27 shows a spherical lens, as used for lens 120, for illustrating thick lens 
optics as employed in accordance with embodiments of the present invention. 

As shown in Fig. 27, 

and at (flat) surface 02: 



at (spherical) surface 01 : 



*1 


- 6cm 




= OO 


n 


= 1.41 
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+ — 


_ n ~ ] 
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1.41-1 
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6cm 




= 20.63415cm 




= t-s\ 




= 6cm- 20.63415cw 




= -14.63415cm 



1 \-n 



S 2 



R> 



1.41 



| 1 _ 1-1.41 

-14.63415cm s' 2 <x> 

s' 2 = 10.37883cm 



The second focal point F r lies 10.37883 cm to the right of the second vertex (lens 
surface two). In this specific case the vertex is the center of curvature. Note, however, 
that the thick lens calculation is accurate only within the small angle series expansion 
approximation stated above (angles 15° or less). 
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Figs. 28A, 28B, 28C, and 28D form a table showing the results of angle 
calculations for a spherical lens, e.g., lens 120, in accordance with an embodiment of the 
invention, as illustrated by Figs. 27, 29, and 30. 

Fig. 29 shows a quarter sphere lens for illustrating geometric calculations 
therefor. 

As shown in Fig. 29, 

at (spherical) surface 01 : 



0 3 =9(f-</> 
therefore, 

Q-y — — 0 2 

and at (flat) surface 02: 
w,sin0 3 =n 2 sin6' 4 



H-r sin^ 
X = rcos9 x 
y = Xtar\0 3 
h = H-y 
Z = /z tariff -0 4 ) 



rt] sind] =n 2 s'm& 2 



r 



0 2 =Asir\ — *sin^ 



J 



9 4 = ^4sirj — *sin# 3 




Fig. 30 shows a hemisphere lens for illustrating geometric generalized calculation 
for any angle P . 
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As shown in Fig. 30, 

at (spherical) surface 01 : 

/} = 0° - 90° Angle of light from horizon. 
0 X =a-j3 

(n \ 
0 2 - Asm — -sin#, 



/? = 180°-90°-a 
V = p + 9 2 

= {9O"-a)+0 2 
^ = 180° -90°-^ 

= 18O°-9O a -(9O°-a + 0 2 ) 

— ~ i 

therefore, 
0 3 =90° -<(> 
= 90°-a+9 2 

and at (flat) surface 02: 



0 A = A sin — • sin 0 3 
l". J 

w = i8o° -<t>-0 2 

= 180" -(a-0 2 )-0 2 
= 180° -a 
M = rcosa 
x = rsina 
^ _ rsin w 
sm<f> 
y = /cos^ 
T = y-M 
S = Z tan0 4 
AQ = S + T 

It is noted that for the calculations shown in Fig. 30, incident rays are taken with 
respect to the horizon. It may be assumed that focal length Z is constant with changing 
sum position. This is valid because the source light is taken to be infinity. Figs. 28A, 
28B, 28C, and 28D show the usable range of light discriminated among the values not 
marked by "#NUM!". 
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Thus, a hemispherical collector, such as lens 120, of dimension radius of 
approximately 6 cm to 61 cm may be preferable. The optimal index of refraction for a 6 
cm lens based on the data collected from Figs. 27 to 30 is 1.41. The optimal focal region 
resides within the following limits of this lens: 8 cm to 10 cm. This proves effective, as 
an acceptable range of adjustment is needed to optimize each series of collectors. A 
sensor of 1 cm should properly detect incident ray angles of 68° to 120° from the horizon. 
This reveals the actual angle of usable exposure to be a cone of 44°. This correlates to 
approximately 2.93 hrs of active exposure. This does not, however, take into account 
repositioning of the collector. With subsequent repositioning of the sensor, it is estimated 
that approximately 8 hours of exposure could be obtained. 

In accordance with an embodiment of the invention, multiple lenses may be used, 
instead of a single lens (120), for improved precision in focusing incoming light similar 
to lens system 2605 shown in Fig. 26. A significant drawback of the multi-lens system 
2605 is that it may be bulky and may require high precision optics, which can be 
expensive and/or intolerant to variations in temperature and vibration. In such cases, the 
focus within the lens system may be adversely affected. In addition, multi-lens system 
may require a mechanical tracking method for monitoring and tracking a light source for 
optimum light collection, which may further contribute to the complexity, weight, size, 
etc., of the system. Finally, a multi-lens system must be sealed because dirt and/or 
moisture between the lenses would seriously degrade performance of the system. 

Given the numerous drawbacks of a multi-lens system, it is preferable that a 
multi-layered spherical lens system, as shown in Fig. 31, be used. Multi-layered lens 
3105 may include a first layer 3110 including a material having a refractive index of ni 
and a second layer 3115 including a material having a refractive index of n2. Lens 3105 
is preferably a single refractive unit with its layers injection molded so that it may be 
resistant to thermal variation. Furthermore, since lens 3105 is a single unit, it does not 
require any sealing. Thus, lens 3105 may be used in place of lens 120 and/or collector 
2620. 

Lens 3 1 05 having multiple stages (or layers) (3110 and 3115) with varying optical 
properties allow for improved operating angle and tighter focusing, i.e., higher efficiency. 
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Each stage (layer) of lens system may be accounted for using the mathematical 
description provided above with reference to eq. 

Since the radius of curvature is identical for all layers 3110 and 3115, varying the 
n would affect the 'focus' of layers 3110 and 3115. n (index of refraction) would dictate 
the radius of a unit (radius) which may be equal to the focus length of a lens. Unit has a 
single focal point from any point of origin above the critical angle, thus it is self- 
focusing. A Fiber optic cable (e.g., 110) secured at the focal point (origin of sphere) 
gather all solar energy (visible light and infrared wavelengths). Refraction bends both 
visible and infrared waves. The principle of total internal reflection prevents the unit 
from functioning when the light source falls below a critical angle, which varies by the n. 
To minimize this effect, the outermost layer (e.g., 31 10) of the unit may have the lowest n 
(with the lowest critical angle) and each successive layer (e.g., 3115) may have a higher n 
for increased focusing ability (while minimizing the radius of the unit 3105). For 
example, n2 may be greater than nj, nj < n2, which may both be greater than no, index of 
refraction of air (=1.0008). This design allows the unit (3105) to be very compact and 
also have minimal operating constraint (critical angle) and superior resolving capability 
due to it's consecutive internal layers (smaller 'lenses' have a more precise focus). The 
unit (3105) may be constructed from multiple materials, as exhibited in the multistage 
collector. In order to increase operating angles and prevent energy losses from the 
critical angle, a multiple of materials can be used in one lens. Multistage collector allows 
for tighter focus of incoming light, increased operational angle, and improved energy 
concentration while minimizing the size of the unit. Since multiple materials are bonded 
to be a single unit the device is compact, maintenance free and extremely durable. As 
well as being immune to thermal variations which can affect the resolving performance 
of existing systems due to expansion and contraction. 

Figs. 32A, 32B, 32C, and 32D illustrate a collector assembly 3100 for using 
multi-layered lens 3105 in accordance with an embodiment of the present invention. In 
other words, collector 3100 may be used for the functionality of lens 120 and/or collector 
2620. As shown in Fig. 32 A, lens 3105 may further include a final stage 3120 at the 
focal point of lens 3105. Final stage 3120 according to an embodiment of the invention 
will be described in further detail below with reference to Figs. 33A, 33B, 33C, and 33D. 
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Referring back to Fig. 32 A, a fresnel lens 3125 may be placed below lens 3105 for 
focusing ambient light that has not been focused to final stage 3 120. Fig. 32B is a bottom 
view illustrating a view of fresnel lens 3125. It is noted that fresnel lens 3125 may be 
integrated to lens 3105 as a single unit (which may be injection or vacuum molded.) 

A tube 3130 for carrying fiber (110) may include a reflective surface for trapping 
light into the fiber (110). Collector unit 3100 may further include a rear collector 3135, 
which may be cone shaped (i.e., forming a frustrum of a cone), with a reflective (e.g., 
silver) inner surface for reflecting ambient light that is not focused to final stage 3120 
into tube 3130 and the fiber (110) carried therein. Advantageously, cone-shaped rear 
collector 3135 may continuously reflect ambient light towards tube 3130 down to the 
bottom thereof (e.g., similar to a funnel) where fiber 1 10 is output. A transparent section 
3140 may further be included to act as a focusing lens to concentrate all light collected by 
rear collector 3 135 to fiber 1 10. 

Thus, the reflective area of rear collector 3135 may be defined by 



where rl is the radius of the larger circle (top circle at interface with lens 3105 
and fresnel lens 3125); r2 is the radius of the smaller circle (the bottom circle where fiber 
1 10 is output); and h is the height of the cone section (rear collector 3135). 

As shown in Fig. 32C, ambient light may be focused with fresnel lens 3125 at the 
bottom of lens 3105. fresnel lens 3125 may further focus light minimizing a number of 
reflections ("bounces") on rear collector 3135 before the ambient light reaches tube 3130 
and the fiber (110) carried therein, thus maximizing the power transferred to the fiber 



Fig. 32D illustrates collector assembly 3100 with a varying number stages (or 
layers) (and thickness of each of such stages) for its collector lens 3105. As shown in 
Fig. 32D, collectors lens 3105 may include a number of stages (or layers) a and b, etc. 
down to final stage 3120. It is noted that n avg (the average of the n's (indexes of 
refraction) of the stages) may be considered as the n of lens 3105 as if lens 3105 were a 
single stage lens (e.g., 120), except that lens 3105 may have a substantially reduced 




(7) 



(110). 
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critical angle and better focus. It is noted that a higher n avg would allow for a smaller lens 
3105 that is more efficient. In any event, the number of stages (or layers), the radius, the 
n's of respective stages, and the distance between the stages, etc., of the lens unit (3105) 
may all be varied depending on the usage requirements, environment, etc. The n of the 
materials used in the collector (e.g., 120 or 3105), whether single or multistaged, can be 
controlled through the combination of multiple materials with different n (i.e., mixing a 
low index glass and higher index quartz, varying the volume of either material to raise or 
lower the index) to form a new 'blend' of material that has the precise index of refraction 
desired. Suspensions of solutions can also be used to control n in a similar manner. It is 
also noted that anti-reflective material may be used between the stages to minimize 
reflection therebetween. 

Referring now to Figs. 33A, 33B, 33C, and 33D, final stage (layer) 3 120 may be 
made of a high index material to be used to tighten the light (solar) beam at the base of 
the collector lens (120 or 3105) just above the focal point at the origin to further focus 
incoming solar energy minimizing the target area for placing the transmission fiber (110). 
This reduces the number of fibers needed per collector unit by increasing energy density 
per fiber. 

Final stage 3120 also serves another purpose of bending all the incoming light 
rays within the numerical aperture ("NA") of the fiber (1 10). As shown in Fig. 33A, the 
critical angle of final stage 3 120 may be set by setting nfj na i (index of refraction of final 
stage 3120) so that 9 is equal to or less than the maximum angle of reflection of fiber 110. 
Thus, accounting for refraction at the medium crossover and the indexes of refraction of 
final stage 3120, nf ina i, and fiber 1 10, n^er, respectively, the critical angle may be lowered 
even further if nf ina i < nf lber5 as shown in Fig. 33B. 

Fig. 33 C illustrates the entry of light rays into fiber 110 where 9 max, the 
maximum angle of reflection at the border between the core 3305 and the clad 3310 of 
fiber 1 10, is dictated by the NA of fiber 110, which is defined by: 

NA=^j(Ni) 2 -(Ni) 2 , 

(8) 
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where Nj and N2 are the indexes of refraction of core 3305 and clad 3310, 
respectively. 

This provides optimum efficiency as the rays travel inside the fiber (110). 
Otherwise, if any rays were to exceed the NA 5 they would pass through the wall of the 
fiber (110) and be lost instead of reflecting down its length. 

Figs. 34A, 34B, 34C, and 34D illustrate an additional shape that may be used for 
collector lens (120 or 3100) in accordance with an embodiment of the invention. Figs. 
34 A and 34B are side views of collector unit 3400 similar to lenses 120 and 3105 but 
having a cutoff shape where lens material is cut off below the critical angle of the 
collector lens 3400 (e.g., 102 or 3105). Additional sections 3405 having a fresnel surface 
similar to fresnel lens 3125 may be added below the critical angle for increasing the 
range of light collection of unit 3400. Fig. 34C shows a top view of sections 3405. As 
shown in Fig. 34C, sections 3405 may also be in a cutoff shape with respect to a path of 
the sun such that collection material is used only to face the sun on its path from East to 
West during the course of a day. Thus, collector unit 3400 and sections 3405 may be 
mounted to correspond to a daily cycle such that it faces the sun as it moves along during 
the course of a day (i.e., sections 3405 would face the direction where the sun rises and 
sets on the horizon). This alignment may be affected by the altitude, the location 
(latitude) etc., at which collector 3400 and sections 3405 are to be mounted. It may 
further be continuously adjusted (e.g., by an automatic device) on a seasonal cycle for 
tracking the shifts of the sun's path for the different seasons. Advantageously, collector 
lens 3400 with the shape shown in Figs. 34A, 34B, 34C, and 34D may be extremely 
lightweight, efficient, and adaptable to different environments and conditions. 

It will thus be seen that the objects set forth above, among those made apparent 
from the preceding description, are efficiently attained and, because certain changes may 
be made in carrying out the above method(s) and in the construction(s) set forth without 
departing from the spirit and scope of the invention, it is intended that all matter 
contained in the above description and shown in the accompanying drawings shall be 
interpreted as illustrative and not in a limiting sense. 
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It is to be understood that the following claims are intended to cover all of the 
generic and specific features of the invention herein described and all statements of the 
scope of the invention which, as a matter of language, might be said to fall therein. 
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